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Abstract
Purpose  To assess and describe patient-reported outcomes (PROs) in women with locally advanced/unresectable or meta-
static breast cancer (aBC/mBC) with hormone receptor-positive/human epidermal growth factor receptor 2-negative (HR + /
HER2 −) status receiving palbociclib combination therapy in a US real-world setting.
Methods  A prospective, noninterventional, multicenter longitudinal study was conducted in US patients initiating treatment 
with palbociclib combination therapy for HR + /HER2 − aBC/mBC. PRO data (SF-12; CES-D-10; mood; pain; fatigue; 
interference of aBC/mBC or its treatment on family life, social life, physical activity, energy, and productivity; overall health 
rating; and quality of life [QOL]) were collected via a custom-developed mobile application at daily, weekly, and cycle-based 
intervals. Patient medical information (demographics, clinical characteristics, treatment information, and adverse events) 
was collected from medical records at baseline and at the end of the 6-month follow-up period.
Results  Patients’ general health status (SF-12) remained consistent throughout treatment and was generally consistent with 
published norms for individuals diagnosed with cancer. The presence of depression (CES-D-10) was low and did not change 
substantially over time. Mean pain and fatigue scores using an 11-point numeric rating scale were low and remained stable. 
Patients, on average, reported neutral or positive moods. Patient-reported QOL and overall health was primarily “Good,” 
“Very good,” or “Excellent.” Findings were consistent regardless of patient experience with neutropenia.
Conclusions  Patients treated with palbociclib, on average, reported consistently low levels of pain and fatigue as well as good 
QOL and overall health that remained stable throughout the first 6 months of treatment regardless of episodes of neutropenia.

Keywords  Patient-reported outcomes · Advanced breast cancer · Metastatic breast cancer · Cyclin-dependent kinase 4/6 · 
Palbociclib

Introduction

Breast cancer is the most common cancer among women 
in the United States (US), with an estimated 276,480 new 
cases occurring in 2020. Although 5-year survival rates are 
high among patients diagnosed with early-stage breast can-
cer, only an estimated 28% of patients with advanced breast 
cancer (aBC) or metastatic breast cancer (mBC) survive for 
5 years [1].

Hormone receptor-positive/human epidermal growth fac-
tor receptor 2-negative (HR + /HER2 −) breast cancer is the 
most common subtype, with an estimated annual incidence 
rate of 87.0/100,000 women during 2013–2017 in the US 
[1, 2].
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Treatment for patients with HR + /HER2 − aBC/mBC had 
been unchanged for almost two decades prior to the approval 
of palbociclib, a first-in-class oral cyclin-dependent kinase 
4/6 (CDK4/6) inhibitor approved in 2015. Palbociclib is 
indicated for the treatment of HR + /HER2 − aBC/mBC in 
combination with an aromatase inhibitor (AI) as initial endo-
crine-based therapy and in combination with fulvestrant in 
patients with disease progression following endocrine ther-
apy in postmenopausal women [3]. In the PALOMA trials, 
palbociclib combination therapy demonstrated significantly 
improved progression-free survival, tumor shrinkage, and 
overall clinical benefit compared with endocrine therapy 
plus placebo and was associated with primarily hematologic 
adverse events (AEs), including neutropenia, with a low fre-
quency of febrile neutropenia (1.4%) [4–8].

Since approval, palbociclib has been broadly adopted for 
treating aBC/mBC, and two other CDK4/6 inhibitors, ribo-
ciclib and abemaciclib, have subsequently been approved. 
For HR + /HER2 − aBC/mBC, current indications for ribo-
ciclib are combination treatment with (1) an AI as initial 
endocrine-based therapy in premenopausal, perimenopausal, 
or postmenopausal women or (2) fulvestrant in postmeno-
pausal women as either initial endocrine therapy or follow-
ing disease progression on endocrine therapy [9]. Abemaci-
clib is currently approved for similar indications to those 
of palbociclib and as monotherapy in patients with HR + / 
HER2 − aBC/mBC with disease progression following endo-
crine therapy and prior chemotherapy in the metastatic set-
ting [10]. CDK4/6 inhibitors have become widely used in 
practice and are considered standard or preferred options 
for the treatment of women with HR + /HER2 − aBC/mBC 
in first line as well as later lines of therapy [11, 12].

There is an extensive body of evidence on the efficacy and 
safety of CDK4/6 inhibitors broadly and a growing body of 
real-world evidence focusing on palbociclib’s effectiveness 
specifically, but little information to date is available regard-
ing the day-to-day impact of aBC/mBC and its treatment 
on health-related quality of life (QOL) in a real-world set-
ting. We sought to capture this information and the impact 
of neutropenia, the most common AE for palbociclib, on 
patient-reported, health-related QOL.

Materials and methods

Study design

The study was a prospective, noninterventional, multi-
center longitudinal study of US HR + /HER2– aBC/mBC 
patients initiating first-, second-, or third-line treatment 
with either palbociclib in combination with an AI (P + AI) 

as initial endocrine therapy1 or palbociclib in combination 
with fulvestrant (P + Ful) after progression on prior endo-
crine therapy (according to the US Food and Drug Admin-
istration–approved indication for palbociclib) or any other 
approved therapies for aBC/mBC other than palbociclib 
[13]. This manuscript focuses on only those patients initiat-
ing palbociclib combination therapy.

Participating investigators screened patients for eligi-
bility, obtained written informed consent, and enrolled 
patients. Investigators completed electronic case report 
forms (eCRFs) to capture demographic, medical history, 
and treatment information at enrollment and recorded 
interim changes in treatment, clinical outcomes, and AEs 
for 6 months after enrollment. Enrolled patients were pro-
vided access to and trained on the use of a custom-developed 
mobile application, downloaded to their smartphones, to 
complete baseline, daily, weekly, and cycle-based patient-
reported outcome (PRO) assessments for the 6-month period 
(Fig. 1). PRO and eCRF data were combined at the patient 
level.

Data collection for this study occurred over a 33-month 
period (February 2017–October 2019). The data collection 
period for an individual patient was approximately 6 months, 
which could be truncated by treatment switching, patient 
withdrawal from the study, or death. Follow-up ended if 
patients discontinued palbociclib combination therapy.

Eligibility

Eligibility was assessed prior to enrollment during a 
scheduled visit; any woman who met the eligibility cri-
teria was invited to participate. Eligible women were 
aged ≥ 18 years with a diagnosis of adenocarcinoma of the 
breast and evidence of aBC/mBC not amenable to resec-
tion or radiation therapy with curative intent, had evi-
dence of HR + /HER2 − tumor based on the patient’s most 
recent tumor biopsy, and owned or had regular access to a 
smartphone. Exclusion criteria were as follows: life expec-
tancy < 3 months at the time of diagnosis of aBC/mBC, 
participation in any interventional clinical trial, and active 
treatment for other malignancies other than aBC/mBC.

Endpoints

Study endpoints included PRO assessments (to describe 
patients’ symptoms, health status, mood, depression, ability 
to function, overall health, and QOL) and safety information 
(AEs).

1  Initially, palbociclib with letrozole until the indication for palboci-
clib was broadened in March 2017.
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Questionnaires assessing PROs included the 12-Item 
Short Form Health Survey (SF-12), the 10-Item Center for 
Epidemiological Studies Depression Scale (CES-D-10), and 
targeted questions, which were made available to patients via 
the mobile application downloaded onto their smartphones 
[14–17]. Patients completed a baseline questionnaire as well 
as a series of questions at daily, weekly, and cycle-based 
intervals. Not all measures collected are examined in this 
manuscript. Standard survey methodological principles were 
used to draft items [18].

Measures

Daily and weekly assessments

Pain and fatigue severity were measured using an 11-point 
numeric rating scale (NRS); 0 indicated no pain or fatigue, 
and 10 indicated the worst possible pain or fatigue.

Mood was rated daily on a 7-point scale (“Very sad,” 
“Sad,” “Discontent,” “Neutral,” “Content,” “Happy,” “Most 
happy”) and summarized at the weekly level to determine 

the mean percentage of nonmissing days for each mood level 
across all patients.

Patients indicated weekly how breast cancer or its treat-
ment interfered with family/social life, productivity, physical 
activities, and energy on a 5-point scale (“Not at all,” “A 
little,” “Moderately,” “Quite a bit,” “A great deal”). Addi-
tionally, patients rated their health and overall QOL during 
the past 7 days on a 5-point scale (“Poor,” “Fair,” “Good,” 
“Very good,” “Excellent”).

Cycle‑based assessments

SF‑12

The SF-12 is a shortened version of the 36-Item Short Form 
Health Survey for measuring general health status in study 
populations [19]. Physical Component Summary (PCS-12) 
and Mental Component Summary (MCS-12) scale scores 
were calculated from responses to yield a mean score of 50 
and a standard deviation (SD) of 10 in the US population; 
higher scores represented better health. The PCS-12 and 
MCS-12 summary measures provide a rough comparison 

Fig. 1   Study design. aBC advanced breast cancer, AE adverse event, CES-D-10 10-Item Center for Epidemiological Studies Depression Scale, 
eCRF electronic case report form, mBC metastatic breast cancer, PRO patient-reported outcome, SF-12 12-Item Short Form Health Survey
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of QOL for patients in this study with the general population 
and published norms for cancer patients.

CES‑D‑10

The CES-D-10 is a 10-item self-administered questionnaire 
assessing depression during the last week. The 10 items 
are rated on a 4-point scale ranging from 0 (< 1 day) to 3 
(5–7 days) and summed to produce a total score (range, 
0–30). A total score of 10 or more is considered to indicate 
depression [14].

Safety endpoints

Safety endpoints included the incidence, severity, and dura-
tion of neutropenia events and other AEs occurring during 
the study. AEs were recorded in the eCRF and included 
selected AEs of special interest (nonfebrile neutropenia, 
febrile neutropenia, leukopenia, infection, fatigue, nausea, 
anemia, stomatitis, headache, diarrhea, thrombocytopenia, 
constipation, alopecia, vomiting, rash, and decreased appe-
tite), dates of onset and resolution, National Cancer Institute 
Common Terminology Criteria for Adverse Events toxic-
ity grade, outcome, action taken with treatment, and seri-
ousness. AEs not listed on the eCRF were categorized as 
“other.”

Statistical analysis

Analyses were conducted using the full analysis set (FAS), 
which comprised all patients in the study population with at 
least baseline mobile app data and data in both the screening 
and enrollment eCRFs. The SF-12 and CES-D-10 analy-
sis set consists of all patients in the FAS who completed at 
least one baseline SF-12/CES-D-10 question and at least one 
postbaseline SF-12/CES-D-10 question.

Descriptive analyses were performed on categorical and 
continuous endpoints collected or derived from the eCRF 
and mobile application. Summary statistics were displayed 
by overall therapy and stratified by line of therapy.

At each cycle, the relationship between all PROs and epi-
sodes of neutropenia was explored by comparing patients 
who did not experience neutropenia during the study (for 
the cycle-based PROs) and patients who experienced neu-
tropenia at the time point.

Linear mixed-effects models for repeated measures were 
used to summarize change from baseline values by neutrope-
nia status for the cycle-based PCS-12, MCS-12, and CES-D-
10 scores. Fixed effects included treatment, month, treatment 
by month interaction, neutropenia status at the time point, 
neutropenia status by month interaction, neutropenia status 
by treatment interaction, neutropenia status by month by 
treatment status interaction, and baseline score; a random 

effect was included for the patient. Least-squares mean esti-
mates and 95% confidence intervals (CIs) for the change 
from baseline values by neutropenia status were reported for 
each stratum at each cycle and overall across cycles.

To examine the overall relationship between mood and 
CES-D-10 score, mixed models for repeated measures were 
conducted, with CES-D-10 score as the independent vari-
able and a fixed effect for the respective mood question and a 
repeated effect to account for the correlation within patients. 
Although mood was available weekly, only the first week of 
each cycle was used in the analysis to match the recall period 
of the cycle-based CES-D-10.

As this was primarily a descriptive study, any statisti-
cal comparisons are presented at the 2-sided alpha = 0.05 
level without adjustment for multiplicity. Any missing data 
were assumed missing at random. Analyses were conducted 
using SAS statistical software, version 9.4 (SAS Institute 
Inc, Cary, North Carolina).

Results

Baseline characteristics

This study enrolled 139 evaluable patients from 25 partici-
pating sites. Demographic data are shown in Table 1, and 
clinical data are shown in Table 2. The median (range) age 
of patients was 60 (34–82) years; 83% were white, 9% were 
black/African American, 5% were Hispanic/Latino, and 1% 
were Asian. About half of patients (49%) were employed. 
Sixty-one percent of patients initiated P + AI and 39% initi-
ated P + Ful. Almost all patients (96%) initiated palbociclib 
at a dose of 125 mg/day. Based on medical records, 22% 
of patients had Stage IV, de novo, disease at diagnosis. At 
enrollment, the median duration between mBC diagnosis 
and study enrollment was 1.0 month. Thirty-nine percent 
of patients had visceral metastases and 41% had bone-only 
disease. Most patients had an Eastern Cooperative Oncology 
Group performance status of 0 (63%) or 1 (24%).

Physician‑reported adverse events and experience 
with neutropenia

A total of 840 AEs were recorded among 96 patients (69%). 
AEs affecting ≥ 15% of the 139 evaluable patients included 
neutropenia (45%), fatigue (35%), leukopenia (35%), ane-
mia (17%), and diarrhea (15%). Twelve patients (9%) expe-
rienced at least one serious AE (SAE), with a total of 35 
SAEs reported. Nine patients (6%) reported other SAEs, 
and 3 (2%) reported infection. SAEs of febrile neutropenia, 
leukopenia, nausea, anemia, thrombocytopenia, vomiting, 
decreased appetite, and occupational exposure occurred in 
1% of patients.
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A total of 152 neutropenia events were experienced 
among 62 patients. Twenty-eight patients experienced 1 
event; 15, 2 events; and 19, ≥ 3 events (Table 3). Approxi-
mately 28% of events were grade 1; 36%, grade 2; and 33%, 
grade 3. The mean (SD) duration of neutropenia events 
across all grades was 87.5 (61.2) days. A total of three febrile 
neutropenia events were experienced among 3 patients (2%).

Daily pain

For patients overall, mean (SD) daily level of pain was 
2.2 (2.31) on the NRS (0–10, with 10 being the worst 

possible pain), averaged across week 1 of cycle 1. At 
week 1 of cycle 6, mean (SD) pain was slightly lower at 
1.8 (2.19). There were no substantial changes through 
week 1 of cycle 6 among the two palbociclib treatment 
groups (Fig. 2a). For patients experiencing neutropenia 
at the timepoint, mean (SD) pain ranged from 1.8 (2.2) 
to 2.8 (2.0) across the first week of each cycle and was 
slightly higher at cycle 3 and cycle 6 than among those 
not experiencing neutropenia at any time during the study 
(Fig. 2b).

Table 1   Patient demographic 
characteristics

P + AI palbociclib in combination with an aromatase inhibitor, P + ful palbociclib in combination with ful-
vestrant, SD standard deviation
Only patients with at least baseline mobile app data and data in both the screening and enrollment elec-
tronic case report forms are included in the full analysis set

Category P + AI (n = 85) P + Ful (n = 54) Overall (N = 139)

Age, mean (SD), y 59.3 (12.62) 60.3 (10.20) 59.7 (11.72)
Age group, n (%)
  < 55 33 (39) 13 (25) 46 (33)
 55 to 64 20 (24) 20 (38) 40 (29)
 65 to 74 22 (26) 16 (30) 38 (28)
 75 to 84 10 (12) 4 (8) 14 (10)
 Missing 0 1 1

Race or ethnic origin, n (%)
 White 70 (82) 46 (85) 116 (83)
 Black/African American 7 (8) 6 (11) 13 (9)
 Hispanic/Latino 6 (7) 1 (2) 7 (5)
 Asian 2 (2) 0 (0) 2 (1)
 Other 0 (0) 1 (2) 1 (1)

Education level, n (%)
 Less than high school 2 (2) 1 (2) 3 (2)
 High school diploma or equivalent 13 (16) 13 (24) 26 (19)
 Some college 24 (29) 11 (20) 35 (26)
 College degree 25 (30) 19 (35) 44 (32)
 Professional or advanced degree 19 (23) 10 (19) 29 (21)
 Missing 2 0 2

Employment status, n (%)
 Employed full-time 33 (39) 19 (35) 52 (38)
 Employed part-time 9 (11) 6 (11) 15 (11)
 Retired 33 (39) 21 (39) 54 (39)
 Not employed 9 (11) 8 (15) 17 (12)

Missing 1 0 1
Type of insurance, n (%)
 Commercial/private 45 (54) 30 (56) 75 (54)
 Medicare 30 (36) 21 (39) 51 (37)
 Medicaid 6 (7) 2 (4) 8 (6)
 Other government-sponsored 2 (2) 1 (2) 3 (2)
 Uninsured 1 (1) 0 (0) 1 (1)

Missing 1 0 1
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Daily fatigue

Overall, mean (SD) daily level of fatigue was 2.7 (2.3) on 
the NRS (0–10, with 10 being the worst possible fatigue), 
averaged across week 1 of cycle 1. No substantial changes in 
fatigue NRS were observed through week 1 of cycle 6 over-
all or between the two palbociclib combination treatment 
groups (Fig. 3a). Despite slightly higher mean fatigue NRS 
scores among patients with no neutropenia events relative to 
those who experienced neutropenia at week 1 of cycle 1, no 
substantial differences between these groups were observed 
through week 1 of cycles 2–6 (Fig. 3b).

Weekly mood

At the first week of cycle 1, a majority (90%) of participants 
reported their mood ranged from “Neutral” to “Most happy” 
(Figure S1). There were no substantial changes through 
week 1 of cycle 6 overall or among the two palbociclib treat-
ment subgroups.

For patients without an indication of depression (i.e., 
CES-D-10 score < 10) at cycle 1, week 1, the mean percent-
age of nonmissing days where mood was ranked as “Most 
Happy,” “Happy,” or “Content” was 62% versus 24% in 
patients with depression. For patients without depression, 

Table 2   Patient disease history 
and clinical characteristics

aBC advanced breast cancer, ECOG, Eastern Cooperative Oncology Group; mBC metastatic breast cancer, 
NSAID nonsteroidal anti-inflammatory drug; P + AI palbociclib in combination with an aromatase inhibi-
tor, P + Ful palbociclib in combination with fulvestrant, SD standard deviation
a Liver, brain, lung/pleura, and ovary metastases were categorized as visceral sites. Bone, lymph node, and 
skin/soft tissue metastases were categorized as nonvisceral sites. Other sites were categorized as visceral 
or nonvisceral by clinical review. Patients who had metastasis at any visceral site were classified as hav-
ing visceral metastases; those without metastases at any visceral site were classified as having nonvisceral 
metastases
b No patients with an ECOG performance status of 3 or 4 were reported

Category P + AI (n = 85) P + Ful (n = 4) Overall (N = 39)

Type of breast cancer, n (%)
 mBC 84 (99) 53 (98) 137 (99)
 aBC 1 (1) 1 (2) 2 (1)

Duration of breast cancer, mo
 Mean (SD) 71.9 (92.37) 87.9 (78.64) 78.1 (87.35)
 Median 34 61 56
 Min, Max 0, 378 0, 422 0, 422

Stage at initial diagnosis, n (%)
 I 5 (6) 4 (7) 9 (6)
 II 19 (22) 18 (33) 37 (27)
 III 17 (20) 17 (31) 34 (24)
 IV 22 (26) 8 (15) 30 (22)
 Unknown 22 (26) 7 (13) 29 (21)

Duration of mBC, mo
 n 84 52 136
 Mean (SD) 5.7 (21.94) 21.8 (37.79) 11.9 (29.94)
 Median 1 3 1
 Min, Max 0, 184 0, 223 0, 223
 Missing 0 1 1

Site of metastases,a n (%)
 n 84 51 135
 Visceral 33 (39) 20 (39) 53 (39)
 Nonvisceral 51 (61) 31 (61) 82 (61)
 Bone-only 36 (43) 20 (39) 56 (41)

ECOG performance status,b n (%)
 0 51 (60) 37 (69) 88 (63)
 1 20 (24) 13 (24) 33 (24)
 2 3 (4) 1 (2) 4 (3)
 Unknown 11 (13) 3 (6) 14 (10)
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the mean percentage of nonmissing days with a positive 
mood was stable across the first week of each cycle, while it 
ranged from 15 to 38% for patients with depression (Figure 
S2).

The use of a mixed model for repeated measures, with 
fixed effects for negative impact on mood or emotions, 
suggests patients with mood or emotions not adversely 
impacted by breast cancer reported lower scores on the 
CES-D-10 (i.e., less indicative of depression). Specifically, 
the CES-D-10 least-squares mean (95% CI) for patients 
reporting “Not at all” was 4.41 (3.2–5.6), whereas the 

CES-D-10 least-squares mean for patients reporting “A 
great deal” of impact was 13.6 (11.0–16.3) (Fig. 4).

The use of a mixed model for repeated measures, with 
fixed effects for percentage of days with content, happy, or 
most happy mood, indicated that happy mood is associated 
with lower scores on the CES-D-10 (i.e., less indicative of 
depression): β = –0.04 (P < 0.001) (Fig. 5).

Descriptive analysis revealed no substantial differ-
ence in weekly mean percentage of nonmissing days 
for instances in which mood was ranked as either “Most 

Table 3   Description of neutropenia events

a As graded by investigators per CTCAE

Category, n (%) P + AI (N = 85) P + Ful (N = 54) Overall (N = 139)

Number of events, number and (%) of patients with neutropenia onset by cycle
 Cycle 1 41, 30 (35%) 24, 22 (41%) 65, 52 (37%)
 Cycle 2 15, 13 (15%) 14, 12 (22%) 29, 25 (18%)
 Cycle 3 9, 8 (9%) 10, 8 (15%) 19, 16 (12%)
 Cycle 4 10, 7 (8%) 4, 4 (7%) 14, 11 (8%)
 Cycle 5 13, 7 (8%) 2, 2 (4%) 15, 9 (6%)
 Cycle 6 1, 1 (1%) 2, 2 (4%) 3, 3 (2%)

Severity of neutropenia (number of events, number and (%) of patients)a

 Grade 1 27, 17 (20%) 16, 7 (13%) 43, 24 (17%)
 Grade 2 34, 22 (26%) 21, 15 (28%) 55, 37 (27%)
 Grade 3 29, 18 (21%) 21, 16 (30%) 50, 34 (24%)
 Grade 4 3, 3 (4%) 0, 0 (0%) 3, 3 (2%)

Number of events, number and (%) of patients with dose adjustment or treatment 
interruption due to neutropenia

26, 18 (21%) 19, 14 (26%) 45, 32 (23%)

 Dose adjustment 7, 6 (7%) 9, 9 (17%) 16, 15 (11%)
 Treatment interruption 19, 13 (15%) 10, 9 (17%) 29, 22 (16%)

Fig. 2   a Mean pain severity by cycle. b Mean Pain Severity by Cycle and Neutropenia Status P + AI palbociclib in combination with an aro-
matase inhibitor, P + Ful palbociclib in combination with fulvestrant
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happy,” “Happy,” or “Content” between patients who did 
or did not experience neutropenia.

Interference from breast cancer or its treatment

Most patients across the first week of all cycles indicated 
aBC/mBC or its treatment interfered “Not at all” or “A little” 

with family life (Figure S3a) or social life (Figure S3b). Sim-
ilarly, most patients indicated aBC/mBC or its treatment lim-
ited physical activity (Figure S4a), energy or stamina (Figure 
S4b), and productivity (Figure S4c) “Not at all” or “A little.” 
The percentage of patients who indicated aBC/mBC or its 
treatment limited these items “Quite a bit” or “A great deal” 
did not exceed 20% across the first week of all cycles and, 

Fig. 3   a Mean Fatigue Severity by Cycle. b Mean Fatigue Severity by Cycle and Neutropenia Status. P + AI = palbociclib in combination with an 
aromatase inhibitor; P + Ful palbociclib in combination with fulvestrant

Fig. 4   Relationship between weekly question of breast cancer’s 
negative impact on mood or Emotions and CES-D-10 Score CES-D-
10 = 10-Item Center for Epidemiological Studies Depression Scale; 

LS = least squares. Circles represent actual values across cycles; dia-
monds represent LS mean estimates with confidence interval bars
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in general, decreased from baseline. These findings were 
generally similar regardless of neutropenia status.

SF‑12

Descriptive examination of the data from baseline through 
cycle 6 indicated that MCS-12 and PCS-12 scores were gen-
erally stable and indicated good physical and mental func-
tioning among patients. At baseline, PCS-12 mean (SD) 
scores were 42.5 (12.5) overall, 42.0 (13.0) for the P + AI 
subgroup, and 41.3 (10.9) for the P + Ful subgroup (Fig. 6a); 
mean (SD) MCS-12 scores were 48.8 (9.7), 48.6 (9.9), and 
49.9 (9.6), respectively (Fig. 6b). No substantial changes 
from baseline were observed in mean SF-12 scores overall or 
among the two different palbociclib combination therapies.

Based on the mixed models for repeated measures, the 
least-squares mean (95% CI) changes from baseline across 
all cycles were −0.5 (− 1.8 to 0.9) and 0.7 (− 0.6 to 1.9) for 
the PCS-12 and MCS-12, respectively. Least-squares mean 
changes from baseline PCS-12 and MCS-12 scores across 
all cycles were 0.2 (− 1.5 to 2.0) and 1.4 (− 0.1 to 3.0) for 
P + AI patients versus − 1.0 (− 3.2 to 1.2) and − 0.5 (− 2.5 to 
1.5) for P + Ful patients.

Descriptive examination of the mean (SD) PCS-12 scores 
by neutropenia status indicated patients with neutropenia 
at cycle 6 had a score of 39.0 (11.3) compared with 41.8 
(10.63) for those who did not experience neutropenia during 
the study (Fig. 6c). For the MCS-12, the mean (SD) scores 

at cycle 6 were 50.0 (12.1) and 52.5 (9.1), respectively, for 
patients with neutropenia at cycle 6 and those without a 
neutropenia event during the study (Fig. 6d). Based on the 
mixed models for repeated measures, the least-squares mean 
(95% CI) change from baseline across all cycles for patients 
with and without neutropenia was 0.3 (− 2.1 to 1.6) and -0.6 
(− 2.1 to 1.0) for the PCS-12 and − 0.3 (− 2.1 to 1.6) and 0.9 
(− 0.6 to 2.3) for the MCS-12.

CES‑D‑10

Descriptive examination of CES-D-10 scores from baseline 
through cycle 6 indicated mean scores overall and in both 
palbociclib combination subgroups were < 10, the score 
threshold considered to indicate the presence of depression 
(Fig. 7a). At baseline, mean (SD) CES-D-10 scores were 7.6 
(5.2) overall, 7.9 (5.6) for P + AI, and 7.2 (4.4) for P + Ful. 
At cycle 6, mean (SD) CES-D-10 scores were 6.5 (6.4) and 
8.2 (4.6) for P + AI and P + Ful, respectively. Overall, mean 
(SD) change from baseline in CES-D-10 score was 0.5 (4.9) 
at cycle 6.

Based on the mixed models for repeated measures, the 
least-squares mean (95% CI) change from baseline across all 
cycles was 0.0 (− 0.7 to 0.6). Least-squares mean changes 
from baseline were consistently lower in P + AI patients than 
in P + Ful patients. At cycle 6, least-squares mean changes 
from baseline were − 0.4 (− 1.2 to 0.5) and 0.5 (− 0.6 to 1.6), 
respectively, for P + AI and P + Ful.

Fig. 5   Relationship Between percentage of days in a week of content, happy, or most happy and CES-D-10 score CES-D-10 = 10-Item Center 
for Epidemiological Studies Depression Scale. Circles represent actual values across cycles
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Descriptive examination of the mean (SD) CES-D-10 
scores by neutropenia status indicated patients with neutro-
penia at cycle 6 had a score of 9.2 (6.9) compared with 6.2 
(5.6) for those who did not experience neutropenia during 
the study (Fig. 7b). Based on the mixed models for repeated 
measures, the least-squares mean (95% CI) change from 
baseline across all cycles for patients with neutropenia and 
those without neutropenia was 0.8 (− 0.1 to 1.8) and − 0.3 
(− 1.1 to 0.4), respectively.

Overall weekly health rating and quality of life

Most patients across the first week of all cycles indicated 
their overall health rating and QOL was “Good,” “Very 
good,” or “Excellent” (Figure S5a and S5b). In the first week 
across all cycles, weekly overall health and QOL was ranked 
as “Poor” by less than 8% and 4% of patients, respectively. 

These findings were generally similar regardless of neutro-
penia status, where ratings remained stable across cycles.

Discussion

Treatment for HR + /HER2 − aBC/mBC has evolved with 
the approval of the CDK4/6 inhibitor class combined with 
endocrine agents, beginning with palbociclib in February 
2015 [20]. Real-world data regarding patient QOL and expe-
riences while receiving palbociclib, however, are limited.

To our knowledge, our study is one of the first to evaluate 
the day-to-day impacts of aBC/mBC and its treatment on 
patients and the effects of treatment-induced neutropenia 
on patients’ daily functioning outside the context of clinical 
trials. We found that, on the whole, patients treated with 
palbociclib combination therapy experienced low levels 

Fig. 6   a Mean PCS-12 Score by Cycle. b Mean MCS-12 Score by 
Cycle. c Mean PCS-12 Score by Cycle and Neutropenia Status. d 
Mean MCS-12 Score by Cycle and Neutropenia Status. MCS Men-
tal Component Summary, P + AI palbociclib in combination with an 

aromatase inhibitor, P + Ful palbociclib in combination with fulves-
trant, PCS Physical Component Summary, SF-12 12-Item Short Form 
Health Survey, Bars represent standard deviation
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of baseline pain and fatigue, which remained stable across 
cycles; general health status as measured by the SF-12 
remained consistent throughout treatment and was generally 
consistent with published norms for individuals diagnosed 
with cancer (excluding skin cancer), and the presence of 
depression, as indicated by the patient-reported CES-D-10, 
was low and did not change substantially over time [18]. 
Patients, on average, reported a neutral or positive mood. 
Patient-reported QOL and overall health was primarily 
“Good,” “Very good,” or “Excellent.” Patients with neutro-
penia, on the whole, did not show decreases in QOL during 
the study, and findings were consistent with those who did 
not experience neutropenia.

With limited real-world information available regarding 
patient experiences with aBC/mBC and treatment-induced 
neutropenia, this study provides valuable data to inform 
patient and physician treatment discussions and health care 
decision-making.

Limitations

The sample of participating sites was a convenience sam-
ple and may not be representative of all US centers treating 
patients with aBC/mBC. Only 139 evaluable patients of a 
targeted 300 were enrolled. The patient selection and moni-
toring procedures are those applied per the treating phy-
sician’s usual treatment paradigm and not dictated by the 
protocol. Heterogeneous patient populations could make the 
interpretation of the outcomes difficult.

As with all studies requiring patients to self-report 
outcomes and behavior, completeness and accuracy of 

reporting can be a concern. AE collection was limited to 
what was spontaneously disclosed during standard of care 
visits and retrospective medical record review. Patients 
without a smartphone were not eligible for participation 
and may have different outcomes. Some patients may 
have discontinued the study early because of progres-
sion or declining health, which is associated with QOL. 
Early withdrawals decreased sample sizes at later cycles 
but examination of PRO assessments by completion status 
found no substantial differences. Correlation of disease 
burden with severity of pain was not examined in this 
study. Results of this study are subject to potential selec-
tion bias and responder bias, and whether individuals who 
elected not to participate would have reported different 
outcomes is unknown.

Conclusion

This study demonstrated that palbociclib-treated patients, 
on average, reported consistently low levels of pain and 
fatigue as well as good QOL, and overall health remained 
stable during 6 months of treatment. Episodes of neutro-
penia did not impact QOL.
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